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DETAILED ACTION 

Receipt is acknowledged of Applicant's amendment filed on December 22, 2005. 
Claim 13 was canceled. Claims 1-12 and 14-18 are still pending. 

Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. Claims 1-12 and 14-18 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Goosen et al.'5, 170,455 in view of Hawkins et al.'5,71 1 ,890. 
With reference to Figure 3, col. 2, line 48 to col. 4, line 65, Goosen discloses the 
claimed invention except for the micromachining being chemical mechanical polishing. 
Please note that in col. 3, lines 4-6, Goossen suggested that the pillars can be formed 
by micromachining using chemical etching or the like. 
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OPTICAL CONNECTIVE DEVICE BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic of a prior an single fiber con- 
TECHNICAL FIELD nect usually identified as the Columbia University de- 

This invention relates generally to an optical coanec- 5 ? . -t,^^ ^ a nrinr „„ .;„„■. „»_,,« 

BACKGROUND OF THE INVENTION F* 0 - 3 k * schematic of structure in accordance with 

r>' *. • . , . .." , , , 10 the principles of the invention of a two plane array 

Currently, optical fibers are used in optical back- fiber connect; and 

planes for computers where the distances being tra- FIG. 4 is an enlarged view of a section of the struc- 

versed is only tens of centimeters. The use of optical ture of FIG. 3* 

fibers allows for higher bandwidth operation because 

skin effect losses associated with metal conductors is is DETAILED DESCRIPTION 

avoided. Thus, it is becoming attractive to develop The drawings are not necessity to scale and certain 

equipment such as computers and the like in which parts of the drawing have been simplified to aid in clar- 

direct cm>tc-chip or board-to-board connections via ity of exposition. 

light is used. In addition to the high speed, low atteuua- Referring to FIG. 1, there is illustrated the prior art 

tion and higher bandwidth possible per channel with an 20 Columbia University design. In this structure, the clad- 

optical connective device, interference due to electro- ding 10 at the end of a single mode optica] fiber 12 is 

magnetic energy is eliminated removed to expose the core 14. The exposed core of the 

Two current optical connective devices which have ***** * »*ert*d through an opening 16 in a precision 

been developed are identified in publications as the machined aluminum guide 18 which is coupled securely 

Columbia University design and the Honeywell design. 25 ^J*** «ment or the like to a chip 20. The exposed 

In the Columbia University design a single mode optical V* of tne _ fibcr P*°J e <** »«0 : *» opening 22 of the chip 

fiber is coupled to a buried detector via a carefully for f° u P^ *! ^2^* a ***** \ T|M! 

macbined aluminum guide coupled to a side of a chip. In ^optical fiber 12 is secured to the aluminum 

»tiA u*fM*mi*!i A~c;Zn> Q J1„ fikA J.„ Snide 18 with an adhesive such as epoxy cement 

the HoneyweU design, an array of optica] fibers are ^ na 2 mmmes ^ ^ or m H< £' u ln 

it S t * r 1 8 T »W <* chemically mThined grooves 32, each being 

ends of the opneal fibers are positioned over detectors t0 rccdve md hold ^ flbcr M i& 

macl»p,theendsbem^^ cnds u of the fihm m ^ Ciptive . by ^ 

opted fibers to the detectors. ^ 33 grooves whfcb are beveled to permit light in the core of 

The cores of optical fibers are very fine, their core a flbC r to be reflected out at a desired angle. Obviously, 

diameter being less than 15 imcrons. Obviously, there- if the bevel has an angle of 45 # , the light will leave the 

fore, the manufacture of current optical connective fiber at an angle of 90* to the axis of the core. The 

devices which requires positioning an end of an optical Honeywell design can be used to couple an array of 

fiber into a slot or an opening to obtain alignment with 40 optical fibers aligned in a single plane to integrated 

a detector or an optical path on a chip or a board not detectors 38 located along a perimeter of a crap or a 

only required great accuracy, but it usually difficult and board. 

painstaking. Manufacture and assembly of each of the prior art 

Clearly, a need exists for an optical connect for chips optical fiber connects requires a highly skilled worker, 
and boards which is economical to construct, has di- 45 They are expensive to construct, and are not practical 
mensions which are dependably accurate, and which for chip-to-chip coupling where it h desirable to have 
permits chips and boards to be more closely coupled to the chips closdy stacked. 

each other. Referring to FIG. 3, there is illustrated structure 40 in 

This invention is directed toward an optical connec- accordance with the principles of this toveiition, In one 
tive device which meets these needs. 50 embodiment of the invention, a support member 42 

having opposing surfaces 44, 4* supports a first 48 and 
SUMMARY OF THE INVENTION second SO array of pillars. The first array of pillars 

This invention is an optical connective device which °5 msi * t of **rete pillars 48A, 48B, 48C . . . 48N; and 
can have a two-diruensional array of optical fibers. The J5 ^^^^ SU^^Si^S^ P ™ 
device can be comprised of a single piece of light con- 55 ™" * * * ♦ ^\v! J? <>D 5? * J 

„ mnt ^. f -r ^ZZLTL. #k„ uhl^^A which project outward from surface 44 are optically 

iTvt?^™? ^TvTnoni^ aligned with corresponding pillars 50A . SONwMch 

Z^l^^r^^^l T^Zn^t P«*« outward from opposing surface 52. Support 
T mng ^ ^ n member 42, pillars 48A . . . 48N and pillars 50A . . . N 

one of the omiosmg surfaces are optically abgned with ^ are monohthic. a structure of a common material which 
corresponding pillars on the other opposing surface. ^ transmit optical energy. Thus, optical energy re- 
The length of a pillar can be as small as its diameter. The ceived by any one pillar 48N which projects outward 
ends of the pillars can be flat or curved to form a lens from surface 48 will be transmitted through that pillar 
and each pillar can be accurately located to an arbitrary 43N, through the portion of the support member 42 
position. The optical connective device can be sand- 6$ coupled to the end of the pillar 48N, and then through 
wiched between chips to provide an integrated circuit the pillar 50N optically aligned with the pillar 48N 
chip-tc-chip connective device for a stack of two or which received the optical energy. In this invention, the 
more chips. pillars operate as optical fibers where the lengths of 
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each optical fiber is the length of pillar 48N plus the Pillars whose tips have a diameter of nominally 40, 

length of pillar SON plus the thickness of the support 60, 80 and 100 pin and arrays with center*to-center 

member 41 spacing* of 400 and 1000 jim have been fabricated 

In the embodiment of FIG. 3, the pillars can be The inventive connect device can also be formed by 

formed by micromachining, using either a laser, ion * using LexanTM OQ-1020 from General Electric. This 

milling, chemical etching, injection molding or the like, method is an optically transmitting plastic which, in 

The term ^icromachined" as used herem with respect combination with the iiuccUon molding process, forms 

to an array of pillars which project outward from op- a one-piece molded device. During thejnolding pro- 

posing surfaces ofasupport member, is to be construed f*« ***** ** ****** 

to mean a structure which is configured usiiig any pro- 10 have^been elmiumited from the finished product 

cess which can produce the mventive structure with a *lT*£!!L iB ^ 

high degree of dimensional and geometric accuracy. number, a wax-like material can be meltedand poured 

MaterialTwhich can be utilized to tamlhe stracture by onto each surface and aUowed to solidify. This wax-like 

IZS^imZu. ^^w!^i^^^n^^^ material provides mechanical support to the various 

^SSS^iZ^mS F ° l0fonn ™ 15 fuTlarsso tot they wffl res^ 

X*^****^'90Umm^j^^M- 

to m^t^^S^^^nTlS ti™**" «* P 01 ^ V ****** wax-like mate- 
to W light and s m my ranim ^ ^ gI ^ g ^ poi^g opera- 

having lengths of six hundred micror^ diamtters of less ^ ft ^ ^ J£ ^ • ftlB £ wh £> ^ UfS 

thanfortym^ 20 than^ of pillar inateriai If desired the ends of the 

can be achieved using this material. The processed glass optical fibers can be shaped to form a convex lens by 
fcuansparent^ either beatmg orshatf^ 

More specifically, Fotoform material lean be pro- te ^ a foxme d d urrag the n«)ld^ process, it can be 
cessed to form the inventive device by, first, exposing either concave or convex. 

either one or both surfaces of a plate of Fotoform to ^ Referring to FIG. 4, there is illustrated an enlarged 
ultraviolet (UV) light through a high precision mask. cross section view through a row of pillars 43N, SON 
The mask forms a desired pattern of UV light on a ^ support member 42 of FIG. 3 when formed with 
ground and relished surface of a plate of Fotoform Fotoform maiertal. During the etcrang process, the acid 
glass. The exposed plate is heat treated to develop the solution first removes the material from the very ends of 
pattern. The areas of the glass that was exposed to the 30 the fibers being formed. Thus, the acid solution is in 
UVbght becomes a semi-crystalline, glass^eramk ma- contact with the ends of the fibers for a larger period of 
terial that is 30 to 50 times more soluble in a dilute time then it is in contact with the base of the fibers 
hydrofluoric acid solution than the nonexposed parts of coupled to the support member 42. As a result; the 
the glass. This solubility differences enables the exposed optical fibers become slightly tapered as illustrated in 
pattern to be differentially etched. 35 FIG. 4. In one embodiment, the dimension C which is 

More specifically, Fotoform has the property the center-to-center spacing of the optical fibers is 400 

when exposed to ultraviolet light (UV), silver atoms microns; the dimension d, whkh k the final face diame- 
form crystallization centers in the exposed regions, ter of the optical fiber is 40 microns; the dimension m, 
which during a subsequent heat treatment allow nucle- which is the mask feature diameter is 100 microns; the 
ation and growth of lithium metasfficate crystals. Once 40 dimension L, which is the stub length of the optical 
this heat treatment is completed, the regions which tter taigtb is^tidO-lliimlls; aati; the dimatfioii winch 
were exposed to UV are 3(M0 times more soluble in * ■;«**«* of the sur^ me^r, is ^ mcrons. 
dilute hydrofluoric acid than unexposed regions. An X^i 1 ^^?* ■ W °^ B Wnfr? 
optical connective device was formed by exposing a ™ 10 microns is needed for exposure to the UV light, 
plate 1.6 mm thick to plane-wave UV normally incident 45 closest center^c-center spacing of the optical 

through a standard photolithogmphic mask wiih small **» w ^h can be obta^k d421^^+ 10 rni- 
opa*K disks. Upon h^ to W C, the regions ex* ^w hlc h r for our device, ss mtighly U2 imcrons. 
posed to UV cristalli^ plate is then exposed to SgJlSf^* * teld *^»-^ 
agitate* HF ^usipg fast etching of jhe^crystelHxed - ^^^^ embodiment of where 
rogtoi* from both f^ leavmg pillars. Shgbt etching of ^ a ^of etch 

^"T^^^^rr ~fT* "sisWtfassbposS 

to have a 3 taper. Therefore, the base of the pillars have Fotofonn , ?^ etch Aslant glass can have a thickness 
the same diameter as the mask disk (dU), and the tip of of 250 aj^^ ^ each sheet of Fotoform can have a 

the fiber has a diameter given by d r -d m -<U05xl » 55 urirfoiess of «» micros 

where lis the pfllar length. The etch was timed so asto ^ ^ „ ^ iikc ^ ^ ^ to ^ ^ 
leave a 170 um thick supporting member. Thus, the 0 f potofonn to the etch resistant glass. The sand- 
pillars were each approximately 700 am long. The re- assemblage H then exposed to UV light, heat 
suiting pillar tips were roughened by the etch, so me- treated and etched to form the inventive structure. As 
chanical polishing was performed. During polishing, g) noted above, structural support material such as wax or 
the fibers were supported by wax that was melted and the like can be poured into the spaces between the opti- 
flowed between the fibers and allowed to cool The cal fibers and allowed to harden to prevent the various 
entire fabrication process was performed with negligf- optical fibers from bending or flexing during subsequent 
ble variations acrossa 4x4 inchplate. If desired theend grinding and polishing steps. 

of the pillars can be shaped to have a lens rather than 65 The inventive device disclosed is a simple to con- 
being flat. One method of producing a lens is to heat the struct, zero-assembly, two dimensional optical fiber 
ends of the pillars until the material starts to melt and array connect device. In one embodiment, it is a single 
form a convex shaped lens. piece of glass or plastic in which multimodc optical 
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with reference to Figures 4A-4C, Hawkins et al.'890 discloses a method for forming 
cylindrical lens arrays for solid state imager. In col. 6, lines 8-10, Hawkin discloses that 
it is known to have utilized the chemical mechanical polishing to selectively remove 
material from a surface of the workpiece. The inherent advantage of chemical 
mechanical polishing is to provide control over the polishing rate by regulating polishing 
pad pressure, downward forces, and the amount of slurry. 
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FIG. 4F 
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FIGS. 6A-6H are schematic ooss-sectiooal views of a substantially inorganic lens material 130 is preferably a 

solid state Imager made in accordance with this invention in transparent substantially inorganic material, and is prefcr- 

which very narrow gaps are present between the convex ably chosen from the group nitride, titanium oxide, and 

cylindrical lenses; and tantalum oxide and can be deposited by vacuum evaporation 

PH5S. 7Aand7Bare schematic cross-sectional views of * v^tr^^kanA^eadBe^cax^sA^^Tbttapainit 

■ „ ' ■ . opdcaDy flat, prcfcrabfyby dieoii^ modiaiiical poli9hin«. 

DETAILED DESCRIPTION OF THB 10 to the extent that the substantially inorganic less material 

PREFERRED EMBODIMENTS 130 is removed from the optically flat surface 100a of the 

. tnuu|»reitt anti^hstajilialfy inozsaiiic strooct: Lsq^sr 100 in 

Where paitscceleroeiittoo^ regions where no depressions 120 were fanned, thereby 

and 2B, and FIGS. 3A and 3B, fee same numerals wfll be fcrmicg lenses mhaviug optically fiat lens surfaces 130a 

used. Referring to FIGS, 4A Ihrouffi 4F, a first em bodim ent The leases 132 are inverted from the prior art koses FIGS, 

of the present invention Is shown in which me lenses are 13 1, 2A and 2B because the topes of lenses 132 are flat The 

cylindrical and the top surface of each lens is optically lenses 132 also differ from prior art leases of FIGS. 1,2A 

planar so as to refract light rays at the top surface in the and 2B because they have an optically flat surface As shown 

manner expected for an Ideal flat di e l ect ric The cylindrical m fig. 4E, the original optically flat surface 100a may be 

knscs of this embodiment are sute tantklly contiguous with repianarized by the chemical mechanical polishing to a 

one anofeer. Referring to FIG. 4A, a schematic cross- slight extent, and a new optically flat surface 100* of the 

sectional view of a semiconductor portion 40 of the solid transparent substantially inorganic support layer 100 

state imager is formwL ^ flat lens surfi^ 130a of the lenses 

support layer 100, preferably oxide, is deposited over fee 132 He coplanar wife the optically flat surface 100*. When 

active seiniconfeictor portion 40, wh&br serves a similar viewed from above, as showninFlG,4E fee inverted lenses 

function to lens surporUng layer is FIG, 1, in order to 132 lie in a planar array 180 of half cylinders and are 

provide a surface on which to subsequently form lenses. The spatially substantially contiguous. The planar array 180 is 

surface of fee transparent substantially inorganic support shcwhavii^ cros s- section BB. 

layer 100 is then planarized, ^™bty ^chemkal T^ndng now to FIGS; 5A through 5D, a second erubodi- 

*£5f^ «** tf "*» ****** in^oa ^shown which further 

^ ; ****» o^ing ainry of convex c^drical lenses 

^ disposed pcrpcndicolarty 

dielectric. ^ 

Referring again to FIG. 4A, an etch-stop layer 110, cylindrical lenses Is well know in the art to be advantageous 

pieferably nitride, is deposited on the optically flat smfoce 35 for imagers with pliotodiodes whose length and width differ 

■lf^flV A pstotosesist layer (not shown) is used to pattern stibstanhally, as taugfc 

isolated operungs 114 in fee etch-stop layer 110 (as shows No. 4,667,092. However, single arrays of cylindrical lenses 

in FIG. 4B) in registry wife the semiconductor portion 40. have not found wide application in imagers wife square 

The location of apertures 24 in semiconductor portiQn 40 is pixels, especially for small pixels, 

shownbytiwdofesdi^ ^ Therefore, in accordance wife fee sc^ 
to also show bridge se^ 

preferably defined in registry wife the semiconductor par- lenses 220 is formed on top of the planar array ISO of 

tion 40 so feat fee spacing between adjacent Mt^se^ inverted cyHsdrkal lenses 132 (as shown in FIG. 5C). Toe 

miisthesameaafeerizeoffeecc^ direction of fee convex cyliiidrical lenses 220 m the second 

sectionfl i U6 serve toanchor adjacent strips of fee etch-stop 45 array is substantially perpendicular to fee direction of fee 

layer 110 during subsequent etching of fee transparent inverted cylindrical lenses 132, feat is, perpendicular to 

substantially inorganic support layer 100 when the etch-stop cross-section BB and along cross-section AA as shown in 

layer 110 is substantially undercut Central regions 118 lie FIG. 4F. The convex cylindrical lenses 220 formed on top of 

midway between isolated openings 114 and midway planar array 180 are preferably madeficmcifeercrganlcor 

between bridge sections 116, 50 incrgank materials awl are formed by thermal cremation 

Referring now to FIG. 4C, which is a cross-sectioo AA of of patterned strip* thm imtt>ri%H a p *fw lr -«i (pn^fiy- 

FIG. 4B, fee transparent substantially inorganic support material is a low melting glass wife a glass transition 

layer 100 is then subjected to a substantially isotropic etch temperature less than 500° C A preferred organic material 

which may be wet or dry, to provide depressions 120. The is comprised of a substantially transparem polymer, for 

depressions 120 are substantially contiguous, touching one 53 example, a polymer from fee group photoresist, 

another at the optically flat smface lOfa raider central polymefeyl methacrylate, p^ 

regions 118 of etch-stop layer 110. The depressions 120 will is well known in the art 

come dose to touching, for example closer than a few pros, sa through 5C depict cross-section AA of fee 
percent of fee size of the pixel, but may not quite touch plana- amy 180. Referring to FIG. 5 A. a low melting glass 
under regions 119 (FIG. 4B> of fee etch-stop layer U0 $0 layer 200 i* uniformly deposited on the planar array 180 of 
between horizontally adjacent bridge sections 116, the iso- inverted cylindrical lenses 132. A conventional photoresist 
tropic etch having been slightly retarded by fee bridge layer 210 is patterned over fee glass layer 200 to form 
sections 116. narrowly spaced strips 200a As shown in FIG, SB, fee 
Referring now to FIG. 4D, fee etch-stop layer 110 is pattern is then transferred to the low melting glass layer 200 
removed and a substan ti ally m organic lens rnatcrial 130 is 63 by etching, rxeferabfy reactive ion etcfung, and the photo- 
formed having a refractive index higher than feat of fee reskt layer 210 is removed. The low melting glass layer 200 
transparent substantially inoqganic support layer 100. The is rnrrerahly an oxide glass or a sol gd wife a glass transition 
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Thus, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the micromachining method of Goossen with a 
chemical mechanical polishing step as taught by Hawkins et al.'890 in order to provide 
control over the polishing rate by regulating polishing pad pressure, downward forces, 
and the amount of slurry to selectively remove the material from the surface 

Response to Arguments 

3. Applicant's arguments filed December 22, 2005 have been fully considered but 
they are not persuasive. In response to Applicant's argument that Hawkins does not 
teach using CMP for forming non-planar surface features. And therefore, the 
combination of Goosen and Hawkins was improper. The examiner disagrees because 
Hawkins was relied on to teach that it is known to CMP cylindrical lens arrays for solid 
state image. Hawkins was relied on to teach forming non-planar surface features 
because Goosen did forming non-planar surface. Applicant's allegation that CMP is not 
micromachining is preposterous because the intended result would dictate the operating 
polishing parameter. That is CMP could be controllably used to polish non-planar 
surface features and stop polishing at any desired point. In summary , in the view of the 
broadness of the claims, the examiner believe that the 103 rejection is still proper. 

Conclusion 

4. THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time 
policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within 
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TWO MONTHS of the mailing date of this final action and the advisory action is not 
mailed until after the end of the THREE-MONTH shortened statutory period, then the 
shortened statutory period will expire on the date the advisory action is mailed, and any 
extension fee pursuant to 37 CFR 1 .136(a) will be calculated from the mailing date of 
the advisory action. In no event, however, will the statutory period for reply expire later 
than SIX MONTHS from the mailing date of this final action. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to George Nguyen whose telephone number is 571-272- 
4491. The examiner can normally be reached on Monday-Friday/630AM-300PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Joseph Hail can be reached on 571-272-4485. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-21 7-91 97 (toll-free). ^ /l\ 
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